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$\{\begin{array}{l}L\frac{di}{dt}=- v- riC\frac{dv}{dt}=- G(v)+i+\frac{E_{1}- v}{R_{0}+R_{1}}\end{array}$
(1)
. SW B ,
$\{\begin{array}{l}L\frac{di}{dt}=- v- riC\frac{dv}{dt}=- G(v)+i+\frac{E_{2}- v}{R_{0}+R_{2}}\end{array}$
(2)
.
, ( ) ,
$C=1,$ $L=1,$ $g_{1}=1/(R_{0}+R_{1}),$ $g_{2}=1/(R_{0}+R_{2})$
$G(v)=- v+v^{3}/3$ (3)
,








$H=\{(x, y)\in R^{2}|y\geq h\}$
$B=\{(x, y)\in R^{2}|y\leq b\}$
$\partial H=\{(x, y)\in R^{2}|y=h\}$
$\partial B=\{(x, y)\in R^{2}|y=b\}$
. $b>h$ , $H$ $B$ $h\leq y\leq b$
. , $H$ (5) $B$ (6) ,
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, .
a) $(x_{0}, y_{0})\in H$ $(x(t), y(t))$ $H$ (5) . (X(t), $y(t)$)
$\partial H$ , $\partial H$ (6) ( $B$
) .




(5) , (6) Alpazur
2 . , ,
.
, . , Alpazur ,
3 .
, R. Lozi and S. Ushiki $[10,11]$ , A.
Saidi et R. $Lozi[12,13]$ , A. $Saidi[14]$ .
3. 2
Alpazur , , 2
. Alpazur
. , 1 ( )
, y .
SL $H=\{(x, y)\in R^{2}|y\geq- 1\}$
$\{\begin{array}{l}\frac{dx}{dt}=ox- y\frac{dy}{dt}=x+oy\end{array}$
(7)
$B=\{(x, y)\in R^{2}|y\leq- 1+\alpha, 0\leq\alpha\leq 1\}$
$\{\begin{array}{l}\frac{dx}{dt}=0\frac{dy}{dt}=1\end{array}$
(8)
, Spiral-Linear (SL ) , 2 $(\alpha, \sigma)$
.
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3.1 Principal confinor 1 Poincar\’e
$H$ , $B$
, $y=- 1$ $y=-1+\alpha$ [10-141 ,
.
1 a) $H$ ( ) $y=- 1$ H-fold HF,
$B$ $y=- 1$ H-cofold HCF . , $B$
( ) $y=- 1+\alpha$ B-fold BF, $H$ $y=- 1+\alpha$ B-
cofold BCF . 3 .
b) $H$ B-cofold , H-fold , H-
cofold , $B$ B-fold $H$ B-
cofold , BH . 4(a) .
C) BH , BH (eventually
BH periodic flow) .
d) H-fold B-fold , ,
$-\vdash\backslash$ (sliding mode) . $4(b)$ .
1]SL BH , . BH
, BH .
$\sigma>0,0<\alpha<1$ . $H$ B-cofold H-fold $x$
BH . , 5 $y=\sigma x$ ($\dot{X}=0$ ) $y=- 1+\alpha,$ $y=- 1$
$A,$ $B$ , $A,$ $B$ $y=- 1$ $y=- 1+a$ $x$ $\epsilon=d_{1}-d_{0}$ ,
$\epsilon$ $\epsilon(A)<0,$ $\epsilon(B)>0$ , 1 .
BH , fold, cofold ,
.
2 a) $H$ H-fold (pseudo
equilibriR point, PE ) . , ,
. 6 .
b) $H$ B-cofold (co-pseudo equilibrium
point, CPE ) . 6 .
, .
2 $H$ BH H-fold
. , $H$ BH H-
fold , SL . principal basin
PB . , PB ,
42
principal confinor PC . 7 .
PB , PC , .
, , H , H-fold, B-fold
. 8 . PC
, .
Poincar\’e T , PC B-
cofold Poincar\’e , Poincar\’e $T$ . 9
. , $H$ $\phi_{t}$ , $B$ $\psi_{t}$ . B-cofold
$(x_{0},- 1+\alpha)$
$\phi_{\tau 1}$ : $B- cofoldarrow H$-fold; $P_{0}(x_{0},- 1+\alpha)\vdash P_{1}(x_{1},- 1)$
$\psi_{\tau 2}$ : $H- cofoldarrow B$-fold; $P_{2}(x_{2},- 1)|\mapsto P_{3}(x_{3},- 1+\alpha)$ $\sim$
. , $\tau_{1}$ , $\tau_{2}$ cofold $t=0$ fold
: $\phi_{\tau 1}(P_{0})=P_{1},$ $\psi_{\tau 2}(P_{2})=P_{3}$ .
fold, cofold , Poincar\’e T
$T=\psi_{\tau 2}\circ\phi_{\tau 1}$ : $B- cofoldarrow B$ -cofold; $x_{0}\vdash x_{4}$
. SL , $\psi_{\tau 2}$ (8) , $T=\phi_{\tau 1}$
. , $x_{4}=x_{1}$ . $T$ , $\tau_{1}$
$x_{1}=e^{\sigma\tau_{1}}\{x_{0}\cos\tau_{1}+(1-\alpha)\sin\tau_{1}\}$ (9)
$- 1=e^{\sigma\tau_{1}}\{x_{0}\sin\tau_{1}-(1-\alpha)\cos\tau_{1}\}$
. T , H , B-




. , 1 $T$ .
$T$ SL 10 .




1 $f:[- 1,1]arrow[- 1,1]$
$f=\{\begin{array}{l}(2-\alpha)x+1(- 1\leq x<0\sigma)l\cdot.g)ax(1- x)- 1(0\leq x\leq 1a)\succeq \text{ })(12)\end{array}$
, $(a, \alpha)$ , SL
. , $\alpha=0,$ $a\in[0,8]$ , $2^{n}$
. 11 .
3.2
, SL Principal conflnor , 2
$-p(\alpha, \sigma)$ .
3 a) $H$ B-cofold , $m$
H-fold , (sliding mode) B-fold , H-fold
$n$ , $H$ B-cofold ,
$R^{m}(BH)^{n}$ . , R(BH)R, $R^{2(}BH$)$R(BH)$
. 12 .
b) Rm(BH)n , Rm(BH)n
(eventuaUy $R^{m}(BH)^{n}$ periodic flow) .
3a) , $R^{\iota n}(BH)^{n}$ , Poincar\’e $T$ $n$ -
.
4] a) $R^{m}(BH)^{n}$ , (7) $n$
, . , $x_{0}$
$\in BCF$ $R^{m}(BH)^{n}$ $T$ 1 $n$ - (xo $=T^{n}(x_{0})$ , $\mu=$
$dT^{n}(x_{0})/dx$ . $\mu\neq 0,1$ , ,
$|_{\mu}|<1$ , ( $S$ )
$|\iota>1$ , ( $D$ ) ,
$\mu<- 1$ , ( I )
.
b)
(tangent bifurcation) $\mu=1$ ,
(periodi doubling bifurcation) $\mu=- 1$ ,
(global bifurcation) :
.13 , principal basin, $R(BH),$ $R^{2}(BH)$
. . ,
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Fig. 1. Alpazur oscillator.
Fig. 2. Example of trajectory obtained from Eqs. (5) and (6),
where $r=0.1,$ $g_{1}=0.2,$ $B_{1}=0.5,$ $g_{2}=2.0,$ $B_{2}=2.0$ ,
$b=- O.1$ and $h=- 1.0$.
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Fig. 3. Switching lines and their images.
HB-periodic sliding mode
(a) (b)
Fig. 4. HB-periodic orbit (a), and orbit with sliding mode (b).
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Fig. 5. $\epsilon=0$ implies an HB-periodic orbit.
Fig. 6. Pseudo equilibrium point PE
and co-pseudo equilibrium point CPE.
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Fig. 7. Principal basin PB and principal confinor PC.
Fig. 8. An example of trajectory, where $\alpha=0.7$ and $0=0.2$ .
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Fig. 9. $Poincar\acute{e}mapT:BCFarrow BCF;x_{0}\vdash\div x_{4}$ .
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$x_{n}arrow$
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Fig. 13. Bifurcation diagrams of principal basin, R(BH) and $R^{2}(BH)$ periodic orbits.
